The main result of this paper is that the group Diff(S 
The main result of this paper is that the group Diff(S 1
× S
2 ) of diffeomorphisms Diffeomorphism groups of surfaces and many irreducible 3-manifolds are known to be homotopy equivalent to Lie groups (often discrete groups in fact), and S 1 × S 2 is the simplest manifold for which this is not true.
Via the Smale conjecture, proved in [H] , the calculation of the homotopy type of Proof: Since E and E are homotopy equivalent to CW complexes, it suffices to show that the inclusion E E induces isomorphisms on all homotopy groups. Represent an element of π k (E, E ) by a smooth family of embeddings f t ∈ E for t ∈ D k , with
Choose a basepoint * ∈ S 2 and let p t = f t ( * ) and
Our first task is to find a finite number of slices
(1) M t is transverse to N i for all t ∈ B i .
(2) The interiors of the By compactness of the balls B i there is an ε > 0 such that the conditions (5) and (6) take the stronger forms
After these preliminaries we now begin the construction of an isotopy M tu of M t = M t0 which eliminates all the circles of C t . First we describe the construction of M tu for a fixed value of t , and then after this is done we will describe the small modifications needed to make M tu depend continuously on t .
For fixed t , suppose inductively that for some c t ∈ C t we have constructed M tu for u ≤ ϕ t (c t ) and the following conditions are satisfied:
We call such a c t a primary circle of C t . Let N i be the slice containing c t . Since 
Note that this isotopy eliminating the primary circle c t ∈ C i t during the u interval [ϕ t (c t ), ϕ t (c t ) + ε] does not change M t,ϕ t (c t ) ∩ N j for any B j containing t with j ≠ i
since B(c t ) ∩ N j = ∅ for these slices.
If the interval [ϕ t (c t ), ϕ t (c t ) + ε] overlaps another interval [ϕ t (c t ), ϕ t (c t ) + ε]
for a primary circle c t ∈ C 
the u interval [ϕ t (c t ), ϕ t (c t ) + ε] , only the portion of this isotopy with u ≤ ψ i (t) is to be used. Thus for u > ψ i (t)
we simply forget about the slice N i and the way M tu intersects N i . This creates no problems since isotopies eliminating primary circles of C i t have no effect on circles of C j t for j ≠ i . The other thing we need to do to make M tu depend continuously on t is to arrange that the isotopies eliminating the primary circles c t ∈ C t vary continuously with t . Let us first specify more precisely how these isotopies are to be constructed. inductively that the construction has already been made over strata of lower dimension, and in particular over the boundary of the stratum. The ordering of the circles of C t by the functions ϕ t is the same throughout the stratum. By induction we may assume M tu has already been constructed for u ≤ ϕ t (c t ) for some primary circle c t .
As part of this construction we have already chosen collars on N(D M (c t )) over the boundary of the stratum, and we wish to extend these collars over the stratum itself.
The stratum can be obtained from its boundary by attaching a sequence of handles, Having the family of isotopies M tu of the submanifolds M t we can apply isotopy extension to get a family of isotopies f tu of the embeddings f t with f tu (S 2 
The balls B i were chosen to be disjoint from ∂D k so M tu is independent of u for t ∈ ∂D k , and we may assume the same is true of f tu . Thus f tu provides a homotopy of the given map (D k , ∂D k )→(E, E ) to a map with image in E , finishing the proof 
→O(3).
This homomorphism is a principal bundle, and it has a cross section, so it is a product bundle and G is homeo- The loopspace ΩSO(3) has two path components, and they are homotopy equivalent as is the case for all loopspaces. The path component consisting of homotopically trivial loops can be identified with ΩS 3 since S 3 is the universal cover of SO(3). It is one of the standard applications of the Serre spectral sequence to compute that H i (ΩS 3 ; Z) is Z for i even and 0 for i odd.
